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Abstract
Objective: While access and utilization form core components in assessing the effectiveness of a
health service, the concept of coverage is often neglected. In this study we propose to develop a
GIS-based methodological framework for the measurement of district-based geographic coverage
to examine the service effectiveness of methadone treatment programme (MTP) in Hong Kong on
a regular basis.
Methods: To overcome the incompatibility of spatial units, population data and data of heroin
addiction of the year 2001 are interpolated by population-weighted and area-weighted algorithms.
Standard overlay and proximity analytical functions are used to delineate altogether 20 accessible
zones around each methadone clinic at a fixed 1.5 km Euclidean distance. Geographic coverage
here is defined as the percentage of heroin addicts covered by a methadone clinic within the
accessible zone by district.
Results: A total of 6413 out of 11000 reported heroin addicts are found geographically covered.
The average geographic coverage in Hong Kong is 44.6%, with the figure varying from 0% to 96%
by district. One district having no clinic results in 0% coverage whereas another without a clinic
yields 15.3% coverage from the clinic in adjacent district. Maps illustrating district-based geographic
coverage are generated.
Conclusion: As continuous data collection is required for a monitoring system, the simplified
approach facilitates the handling of large volume data and relevant data analysis. It is concluded that
the number of methadone clinics is as important as their locations. Geographic coverage could
become an important consideration for monitoring harm reduction.
Background
Harm reduction and coverage assessment
Methadone maintenance is one of the well-known harm
reduction strategies for public health intervention in her-
oin addiction. The significance of methadone treatment
in preventing needle sharing, which in turn reduces the
risk of HIV and HCV transmission among injectors, has
been well cited. [1-4] Methadone clinic is also considered
gathering site where heroin addicts can effectively acquire
knowledge on harm reduction and drug rehabilitation.
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To achieve maximum effectiveness, methadone clinic
should be situated at where it satisfies the needs of local
community of heroin users. The identification of the serv-
ice zone of a health service and an examination of
whether it is reachable are crucial. In this connection, the
concept of coverage is useful. This is particularly meaning-
ful for evaluating the provision of methadone mainte-
nance programme, a service that delivers public health
good. While large proportion of studies to date have
focused on access and utilization of health care systems
[5-10], few of them discuss the application of coverage, a
concept that was initially put forward for over 30 years
ago. Recently, World Health Organization (WHO) has
developed the HealthMapper and Service Availability
Mapping Programme (SAM), which emphasize on visual-
izing and monitoring the spatial coverage of health care
services. Abundant studies have also described the contri-
bution of geographic information systems in public
health services management [11-13].
In this study, Hong Kong is taken as an example to pilot
the measurement of the district-based geographic cover-
age of methadone clinics in terms of their availability
within defined accessible catchment areas. The study aims
at developing a simplified methodological framework to
measure the geographic coverage of methadone clinics
regularly, which enables a monitoring system to be devel-
oped for evaluating harm reduction strategies.
The geography of Hong Kong
Hong Kong is a metropolitan city located in Southeast
Asia, bordering the South China Sea and mainland China
[14]. The total land area is about 1100 square kilometres
and subdivided into several levels of geographic units.
(Figure 1) According to the latest available census data in
2006, there are approximately 6.9 million people in Hong
Kong [15]. Heroin is the most prevalent drug abused in
the territory. In the year of 2005, 9200 heroin addicts were
reported, of which 53% were injecting drug users. Among
all drug abusers, 30% of them were multiple drug users
[16]. The prevalence of reported addiction was highly
skewed into some districts.
Methadone treatment programme (MTP) in Hong Kong
The MTP has been operated by the Department of Health
(previously Medical and Health Services Department) for
30 years. It adopts an out-patient and low threshold
approach. Services are provided promptly to all heroin
addicts who come forward for methadone treatment. For
those with life-threatening medical condition, referral for
treatment is made before being started on methadone.
Besides prescribing methadone, other related services
including patient assessment, counselling services and
referral services are provided in methadone clinics [17].
Currently, there are 20 methadone clinics at separate geo-
graphic locations with different service hours that are
open all year round, regardless of bad weather or public
holidays. However, clinics are not distributed evenly in
each and every district, whereas heroin addicts are found
throughout the territory. The geographic discrepancy
between service provision and service demand implies
that gap exists, the measurement of which would contrib-
ute to an assessment of coverage for those in need.
Methods
Data Source
Essential data for this study included population data and
data of heroin addiction. All data obtained were of the
year 2001, when consistent data types from different serv-
ices could be assured. As a study to demonstrate the meth-
odological framework of coverage measurement, the use
of the 2001 data, instead of more updated but inconsist-
ent datasets, would be more important to enable reliable
calculations to be made. District-based and TPU-based
population data were collected from the Census and Sta-
tistics Department, while district-based data of heroin
addiction was acquired from the Central Registry of Drug
Abuse (CRDA), Narcotics Division of Security Bureau.
CRDA has been established for 35 years to capture drug
abuse data, which are provided by the reporting agencies
on a voluntary basis with their full cooperation. The sta-
tistics is used to monitor the trend of drug abuse and to
facilitate the planning of drug rehabilitation programmes
in Hong Kong.
Digital base maps including the boundary map of dis-
tricts, boundary map of TPUs, map of highlands and
water bodies were obtained from the Survey and Mapping
Office (SMO), Lands Department of Hong Kong Govern-
A table showing levels of geographic units in Hong Kong Figure 1
A table showing levels of geographic units in Hong 
Kong. The three sub regions are Hong Kong Island, Kow-
loon Peninsula and The New Territories. Districts, tertiary 
planning units and constituency areas are commonly used for 
census, urban planning and election purposes respectively.International Journal of Health Geographics 2008, 7:5 http://www.ij-healthgeographics.com/content/7/1/5
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ment. Locations of methadone clinics were stored as X, Y
projected coordinates in the GeoCommunity Database
table (Version 2.1.2), which was also acquired from the
SMO. These data, after synchronization, were input into a
GIS software, ArcGIS 9.1 [18], for data processing.
Assumptions for refining available data
The landscape in Hong Kong is mountainous. About one-
fifth of land area is over 200 metres in altitude, which is
defined as uninhabitable highland in this study. Further-
more, the result will be highly unreliable if heroin addicts
are assumed to distribute over the entire district, consider-
ing that only part of the district is populated. District-
based heroin addicts' data were apportioned into TPUs by
areal interpolation before measuring district-based geo-
graphic coverage. From the interactions with current and
former heroin users, three assumptions for this study were
made. First, walking is a preferred means of going to
methadone clinics. Second, heroin addiction is assumed
to be rather localized. Heroin addicts seldom go to the
methadone clinic that is not located in their residence dis-
trict. Third, heroin addicts are willing to walk at most for
30 minutes to their local methadone clinics.
Elimination of uninhabitable area
In preparing the Hong Kong base maps for spatial analy-
sis, all water bodies, including reservoir and rivers, and
land elevated over 200 metres were eliminated. (Figure 2)
As there was slight difference between the outline bound-
ary of district and TPU, district base map was used as a ref-
erence to adjust TPU boundary. Population data were
joined to the attribute tables of the base maps of district
and TPU. As a result, a TPU-based boundary map of
inhabitable area connected with population data was gen-
erated.
Areal interpolation
Incompatibility of different geography/geometry of spa-
tial units impedes spatial analysis, especially when most
available health data are aggregated into different geo-
graphic units, which has been addressed as polygon over-
lay problem [19]. A typical solution to the problem is to
use areal interpolation, which refers to the process of
transforming data (the source layer) with one zoning sys-
tem to another zoning system (the target layer), based on
defined algorithms [20]. There are different algorithms,
such as area-weighted, population-weighted, street-
weighted, which should be used according to the nature of
data [21]. However these algorithms share one basic
assumption, that spatial objects in the source zone are dis-
tributed uniformly. In this study, population- and area-
weighted algorithm are applied under two different situa-
tions.
Zones of TPU were not completely contained in a specific
district. By intersecting the base maps, the corresponding
district of each TPU was determined based on the location
of its centroid. Then, population-weighted areal interpo-
lation was carried out to transform district-based heroin
data into TPU-based. It was assumed that the number of
heroin addicts by TPU (target layer) is proportional to its
population, sharing the same ratio of heroin addicts by
district over population by district. (Figure 3) Thus the
new dataset of TPU-based heroin addicts was generated
by:
A map showing (A) Whole territory of Hong Kong; (B) Inhabitable areas after elimination of highland and water bodies indi- cated as hollow areas Figure 2
A map showing (A) Whole territory of Hong Kong; (B) Inhabitable areas after elimination of highland and water bodies indi-
cated as hollow areas.International Journal of Health Geographics 2008, 7:5 http://www.ij-healthgeographics.com/content/7/1/5
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Number of heroin addicts by district / population by district *
population by a specific TPU
Regarding the assumption of maximum walking time of
30 minutes, a buffer of 1.5 Kilometre Euclidean distance
was defined as accessible zone for each clinic, assuming
that addicts will cover this distance in 30 minutes. (Figure
4)
The availability, that is the number of addicts covered by
a methadone clinic within accessible zones, was calcu-
lated by area-weighted areal interpolation. It was hypoth-
esized that the area covered by the accessible zones was
that accessed by addicts within the accessible zones in
each TPU as well, which shared the same ratio of addicts
in a TPU over the total area of the entire TPU. TPUs that
intersected with accessible zones were picked up. Visual
Basic Application (VBA) statements were used in the GIS
to calculate both the area of entire intersected TPUs and
the area of intersected portion of TPU. Percentage of area
covered by the accessible zones in each intersected TPU
was calculated and TPU-based heroin addicts covered
were estimated by using the percentage. The following
equation was used:
Area of a TPU within the accessible zone / Area of the entire
corresponding TPU* Interpolated number of heroin addicts in
that TPU
Measurement of district-based geographic coverage
Number of addicts from all TPUs in a district covered
within accessible zones was aggregated into their corre-
sponding district. However, the number of methadone
clinics in each district varied considerably. The number of
district-based addicts covered was adjusted and the mean
number of heroin addicts covered by one methadone
clinic by district was calculated. District-based geographic
coverage was expressed as the percentage of heroin addicts
covered within those accessible zones in each district
among all heroin addicts in that district, using the follow-
ing formula:
Number of heroin addicts covered within a accessible zone in a
district / Total number of heroin addicts in that corresponding
district* 100%
Results
In the year 2001, there were about 11000 reported heroin
addicts, giving a prevalence of 166 heroin addicts per
100,000 population in Hong Kong. The prevalence in
eight out of 18 districts was higher than the average, with
Yau Tsim Mong yielding the highest rate of 403. The dis-
tribution of methadone clinic was uneven. While one dis-
trict was having three methadone clinics, two districts
including Kwai Tsing and Sai Kung did not have any. Most
of the districts (13 out of 18) had one methadone clinic,
with two districts having two. After the elimination of
uninhabitable areas, all TPUs (N = 197) remained popu-
lated and were therefore valid for conducting areal inter-
polation. The population-weighted areal interpolation
Spatial distribution of heroin addicts over (A) Districts; (B) TPUs Figure 3
Spatial distribution of heroin addicts over (A) Districts; (B) TPUs. The two maps show the difference in spatial distri-
bution of heroin addicts before and after population weighted areal interpolation. It is obvious that the TPU map presents bet-
ter local variations of addiction pattern while district presents a rather raw picture of the addicts' distribution.International Journal of Health Geographics 2008, 7:5 http://www.ij-healthgeographics.com/content/7/1/5
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produced interpolated values of heroin addicts by TPUs
ranging from 1 to 369, with one-forth of TPUs (50/197)
having less than 10 heroin addicts. Though all TPUs could
be subjected to population-weighted areal interpolation,
only 125 of them gave an intersection with the defined
accessible zones for a clinic. In fact, an average of 66% of
TPUs in a district was covered by the accessible zones.
Accessible zones in four districts even covered all TPUs in
that particular district.
Using the definition developed in this study, a total of
6413 of 11000 heroin addicts were geographically cov-
ered by all methadone clinics in 2001. Since there were
more than one methadone clinic in some districts,
adjusted number of heroin addicts covered in each district
was calculated. Only one district, Sai Kung, showed no
coverage by any methadone clinic. Geographic coverage
varied from the lowest 15.3% in Kwai Tsing to the highest
figure 96.2% in Yau Tsim Mong. In the remaining dis-
tricts, the average geographic coverage was 44.6% in 2001,
though eight out of 18 districts demonstrated over 50%
geographic coverage. (Table 1) A map was generated to
show the final result of district based geographic coverage
in Hong Kong (Figure 5).
Discussion
Evolving definition of coverage
The idea of coverage has emerged from the concern of
community resources allocation and thus has led to the
development of health service indicators in late 1960s.
However, attention on coverage soon turned towards
access and utilization, which reflected a more concrete
principle to justify resource investment for policy makers
[22]. In 1978, Tanahashi of WHO noticed and suggested
Accessible zones of 1.5 km of each clinic after eliminating uninhabitable areas Figure 4
Accessible zones of 1.5 km of each clinic after eliminating uninhabitable areas.International Journal of Health Geographics 2008, 7:5 http://www.ij-healthgeographics.com/content/7/1/5
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a major reason for the failure of "coverage" in drawing
people's attention
"...the confusion about the concept of coverage which has been
measured and interpreted differently for various purposes and
occasions deter one's incentive to use." [23]
Subsequently in an evaluation report on health perform-
ance from WHO, coverage assessment was identified as
playing an instrumental role to evaluate intermediate
goals of health services. Five domains of coverage were
then delineated, namely availability coverage, accessibil-
ity coverage, acceptability coverage, contact coverage and
effective coverage [22]. Each of the five coverages had a
core definition and they varied according to their contex-
tual meanings. In this study, geographic coverage was spe-
cifically defined in the context of the availability and
accessibility of methadone maintenance treatment service
in a spatial context.
In this study, accessibility was considered before calculat-
ing the availability. Accessibility of health care is a meas-
ure of the proportion of a population that reaches
appropriate health services [24]. It is multidimensional as
there are numerous factors affecting the degree to reach a
service [25]. WHO has suggested three types of accessibil-
ity, viz., financial accessibility, geographical accessibility
and cultural accessibility. However, only geographical
accessibility has been taken into account in this study.
Financial accessibility has not been considered in our
Hong Kong study as the service is directly funded by the
Government. All methadone users are required to pay a
nominal HKD 1 (HKD 7.8 = USD 1) only for methadone
treatment, resulting in almost no financial barrier in
accessing MTP. On the other hand, cultural accessibility
refers to whether the health service has violated local
taboo. The MTP has been set up for over 30 years and is in
contact with almost all heroin addicts. The relevance of
accessibility discrepancy due to cultural reason is there-
fore considered to be minimal.
The concept of availability is much simpler than accessi-
bility. It basically denotes the presence or absence of
essential health services to the population in need in spe-
cific regions [26]. The objective of most studies on availa-
bility is often related to the examination of insufficiency
of health care service in rural regions and urban deprived
areas. Some studies even measured the quality of services
to reflect availability. In general, availability refers to the
presence or absence of needed health care services [24]
and is often expressed as a ratio between the number of
health facilities per spatial unit, number of people or unit
area [27]. Considering that there is no preset capacity
limit for methadone clinics in Hong Kong, their availabil-
ity in a specific district is measured as the number of her-
oin addicts covered by the service within a predefined
accessible zone over the number of addicts in the corre-
sponding district.
Table 1: District-based geographic coverage 2001. The table shows the geographic coverage of all 18 districts in Hong Kong, with 
reference to the adjusted number of heroin addicts covered according to the number of methadone clinics in each district.
District Heroin addicts 
covered
No of methadone 
clinic
Adjusted No of 
heroin addicts 
covered
Total No of heroin 
addicts
Geographic 
coverage (%)
Sai Kung 000 2 1 7 0 . 0
Kwai Tsing 96 0 96 626 15.3
Wong Tai Sin 431 2 216 997 21.6
Islands 21 1 21 94 22.3
Yuen Long 215 1 215 775 27.7
Sha Tin 154 1 154 541 28.5
Eastern 236 1 236 676 34.9
Kwun Tong 833 2 417 1076 38.7
Tuen Mun 364 1 364 908 40.1
North 186 1 186 434 42.9
Kowloon City 844 3 281 557 50.5
Southern 168 1 168 327 51.4
Wan Chai 173 1 173 287 60.3
Tsuen Wan 351 1 351 581 60.4
Shum Shui Po 801 1 801 1303 61.5
Tai Po 281 1 281 385 73.0
Central & Western 166 1 166 215 77.2
Yau Tsim Mong 1093 1 1093 1136 96.2
Total 6413 20 5219 11135 44.6 (Average by 
district)International Journal of Health Geographics 2008, 7:5 http://www.ij-healthgeographics.com/content/7/1/5
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A simplified approach for coverage monitoring
Since the idea of coverage is still vague, it is almost impos-
sible to employ a standard approach in its measurement.
A standard definition is desirable for scientific investiga-
tion, but is less likely to be practical. In public health prac-
tice, the approach to coverage assessment shall be shaped
by the objective. When assessing coverage for monitoring
purposes, in contrast to a communication tool for report-
ing figures at one point of time, a simplified approach is
essential to facilitate continuous collection of data on
service operation [22]. There is currently no universal cov-
erage measurement of any health service system as it var-
ies according to interventions. In this study, within the
analytical framework of coverage, concepts of accessibility
and availability were considered, giving us the result of
coverage which is solely geographic.
The simplified approach in this study has focused on
measurement of coverage using minimum amount of the
most determining variables. Neither personal data nor
geocoding process was involved in this study. All the data
used in this study were from open-source, either down-
loaded from official websites or extracted from formal
reports. The geospatial data of Hong Kong were purchased
from the Lands Department. Adoption of available user-
friendly technology does also contribute to the simplified
coverage assessment system. The geographic information
system used in this study was a commercial product. All
the functions applied were standard overlay and proxim-
ity analytical functions of the software. These functions
could be linked up by Visual Basic scripts so that a stand-
ard protocol can be developed to activate the whole mon-
itoring system. The study demonstrated how existing
Map showing geographic coverage of methadone clinics in 18 districts 2001 Figure 5
Map showing geographic coverage of methadone clinics in 18 districts 2001. Sai Kung is the only district with no coverage (the 
patterned district) while Yau Tsim Mong has the highest coverage in Hong Kong (district with the darkest colour).International Journal of Health Geographics 2008, 7:5 http://www.ij-healthgeographics.com/content/7/1/5
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resources can be mobilized to build a coverage monitor-
ing system for the MTP in Hong Kong, which can also be
adapted for use in other countries. With the scaling up of
harm reduction efforts in many countries, the system
could be turned into a standard tool for coverage assess-
ment.
Interpretation of coverage information
Several observations could be made in this study. It is
obvious that district-based geographic coverage has varied
among districts in Hong Kong. The distinctive pattern is
believed to be at least partly related to the size of districts.
Districts having over 50% geographic coverage are mainly
located on both sides of the Victoria harbour. They are
usually smaller in size, more densely populated and are
more urbanized compared to the other districts. Buffer
based on Euclidean distance tends to capture more people
in densely populated than sparsely populated zones. It
does not however mean that only addicts within the acces-
sible zones can reach the methadone clinic. Actually, over
95% of heroin addicts in Hong Kong are in contact with
the methadone clinics. [28] The geographic coverage in
the study is a standardized approach for addressing the
percentage of heroin addicts that can be in contact with
the service in the local community.
It is noted that most research in assessing health care serv-
ices are often nation-wide. They may ignore the neigh-
bourhood variations within the country. A district-based
approach to evaluate the MTP coverage in Hong Kong
served as an example of how unique local patterns can be
elicited. The two districts, Kwai Tsing and Sai Kung, with-
out methadone clinic gave a different pattern of geo-
graphic coverage. (Table 1) In Kwai Tsing, about 16% of
its heroin addicts were covered by the methadone clinic
located in adjacent district, Tsuen Wan, within the acces-
sible zone. Surprisingly, the geographic coverage in Tsuen
Wan was quite satisfactory, seemingly not being affected
by sharing service to Kwai Tsing district. On the other
hand Sai Kung is the only district that does not have a
methadone clinic and has 0% geographic coverage.
Based on the primary observations of the geographic cov-
erage of MTP, resources and attention could be directed to
those districts with less satisfactory geographic coverage. It
can be concluded in this study that the number of clinics
is as important as their locations, evidenced by the dis-
tricts without methadone clinic. Distinguishing the spa-
tial discrepancy between the location of methadone clinic
and heroin addicts is one of the effective means to have
the methadone system improved. Furthermore, some
underlying factors such as immigrant population, social
economic status of a population and the capacity of meth-
adone clinics may be associated with the skewed pattern
of geographic coverage. Thus identification of districts of
low geographic coverage might help uncovering the link-
age between methadone clinics and social phenomenon.
The present study has demonstrated how the application
of GIS, together with concept of geographic coverage,
helps developing a standard tool to inform and empower
decision making for service management of harm reduc-
tion programmes [29]. However, the methodology intro-
duced here should be considered in light of the following
limitations. First, this study fails to reveal the actual cover-
age of methadone clinics. The total coverage of each meth-
adone clinic should be higher since the whole methadone
programme covered over 95% of heroin addicts in Hong
Kong. [28] While considering geographic proximity is the
most influential factor in affecting the incentive to use the
service, we admit that other factors, such as the fluctuation
of opium price/availability in black market or the severity
of need, do contribute to the total coverage of methadone
clinic. Second, the assumptions listed in the study were
made only based on broad images suggested by several
rehabilitated addicts. Further concrete surveying of
addicts' utilization pattern should be required, which pro-
vides more explicit results for assumption building.
Finally, different methods to measure accessibility have
been discussed by researchers. By comparing network-
based distance and Euclidean distance, some researchers
believed that Euclidean distance reflects false representa-
tion of distance whereas some thought that the network-
based distance offered no better result than Euclidean dis-
tance [30-32]. In this study Euclidean distance was used
because of two further considerations. While the cost in
obtaining road network data is high and restricted, the up-
datedness of data is another key concern. Since Hong
Kong is a densely populated city, together with an exten-
sive pedestrian road network, the walking distance is not
very much different from the straight line distance
between two locations. On top of the limitations, the
interpretation of coverage information should be consid-
ered with caution, as it is highly dependent on the com-
pleteness of one single data source, CRDA
Conclusion
The establishment of a coverage assessment system is not
intended to highlight the best measurement of coverage,
but to demonstrate a framework to capture the coverage
information indicating whether a region is well supplied
in a spatial perspective and enable policy makers to ensure
satisfactory coverage to the need [32]. In this study, we
only focus on assessing the geographic coverage which is
believed to be the prominent factor that policy makers
have to take into account for future MTP development. In
the future, more aspect of coverage, such as effective cov-
erage suggested by WHO, should also be under examina-
tion to advance the monitoring system.Publish with BioMed Central    and   every 
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We expect to see that GIS, together with the re-emerging
concept of coverage, would provide new insights to
address policy concerns of health service planning, as the
use of spatial technologies is especially conspicuous in
assessing non-quantifiable variables such as ethnicity and
culture, recognising the importance of qualitative
approach to address health service delivery matters.
Competing interests
The author(s) declare that they have no competing inter-
ests.
Authors' contributions
SSL was involved in the conceptualization and research
design of the study. PTTP conducted the cartographic
design and GIS analyses. This manuscript was drafted by
PTTP and edited by SSL. Both authors read and approved
the final manuscript.
Acknowledgements
This study is funded by the Research Fund for the Control of Infectious Dis-
eases (RFCID), Hong Kong Government. We would also like to extend our 
thanks to the rehabilitated addicts for sharing valuable information on 
addicts' behaviour.
References
1. Gowing LR, Farrell M, Bornemann R: Brief report: Methadone
treatment of injecting opioid users for prevention of HIV
infection.  J Gen Intern Med 2006, 21:193-195.
2. Joseph H, Stancliff S, Langrod J: Methadone maintenance treat-
ment (MMT): a review of historical and clinical issues.  Mt
Sinai J Med 2000, 67(5–6):347-64.
3. Thiede H, Hagan H, Murrill CS: Methadone treatment and HIV
and hepatitis B and C risk reduction among injectors in the
Seattle area.  J Urban Health 2000, 77(3):331-45.
4. Wong KH, Lee SS, Lim WL, Low HK: Adherence to methadone
is associated with a lower level of HIV-related risk behaviors
in drug users.  J Subst Abuse Treat 2003, 24(3):233-239.
5. Pearce J, Witten K, Bartie P: Neighbourhoods and health: a GIS
approach to measuring community resource accessibility.  J
Epidemiol Community Health 2006, 60:389-395.
6. Yang DH, Goerge R, Mullner R: Comparing GIS-based methods
of measuring spatial accessibility to health services.  J Med Syst
2006, 30(1):23-32.
7. Parker EB, Campbell JL: Measuring access to primary medical
care: some examples of the use of geographical information
system.  Health Place 1998, 4(2):183-193.
8. Martin D, Wrigley H, Barnett S, Roderick P: Increasing the sophis-
tication of access measurement in a rural healthcare study.
Health Place 2002, 8(1):3-13.
9. Deck D, Carlson MJ: Access to publicly funded methadone
maintenance treatment in two western states.  J Behav Health
Serv Res 2004, 31(2):164-177.
10. Higgs G: A literature review of the use of GIS-based measures
of access to health care services.  Health Serv Outcomes Res Meth-
odol 2005, 5:119-139.
11. Richards TB, Croner CM, Rushton G, Brown CK, Fowler L: Infor-
mation technology: Geographic information systems and
public health: Mapping the future.  Public Health Rep 1999,
114(4):359-373.
12. Bertrand WE, Mock NB: Spatial information to make a differ-
ence: value added decision-making in the health sector with
geographical information systems.  In The added value of geo-
graphical information systems in public and environmental health Edited
by: Lepper MJC, Scholten HJ, Stern RM. Dordrecht: Kluwer Academic
Publishers; 1995:265-275. 
13. Cromley EK, McLafferty SL: GIS and Public Health New York: The
Guilford Press; 2002. 
14. Central Intelligence Agency: The World Factbook.   [https://
www.cia.gov/library/publications/the-world-factbook/index.html].
15. Census and Statistics Department: 2006 Population by-census.
[http://www.bycensus2006.gov.hk/index.htm].
16. Central Registry of Drug Abuse: CRDA 55th Report.   [http://
www.nd.gov.hk/55_report.htm].
17. Narcotics, Division Security Bureau: Methadone treatment pro-
gramme review 2000.   [http://sc.info.gov.hk/gb/www.nd.gov.hk/
MTP_s_e.htm].
18. Environmental Systems Research Institute: ArcGIS 9.1.  Redlands
1999 [http://www.esri.com].
19. Flowerdew R, Green M: Areal interpolation and types of data.
In Spatial Analysis and GIS Edited by: Fotheringham S, Rogerson P. Lon-
don: Taylor & Francis Ltd; 1994:121-146. 
20. Reibel M, Bufalino ME: Street-weighted interpolation tech-
niques for demographic count estimation in incompatible
zone systems.  Environ Plan A 2005, 37:127-139.
21. Sadahiro Y: Accuracy of areal interpolation: A comparison of
alternative methods.  J Geogr Syst 1999, 1:323-346.
22. World Health Organization: Background paper for the Technical Consul-
tation on Effective Coverage of Health Systems Geneva; 2001. 
23. Tanahashi T: Health service coverage and its evaluation.  Bull
World Health Organ 1978, 56(2):295-303.
24. European Observatory on Health Systems and Policies: The
Observatory's Health Systems Glossary.   [ h t t p : / /
www.euro.who.int/observatory/Glossary/TopPage].
25. Gulzar L: Access to health care.  Image J Nurs Sch 1999,
31(1):13-19.
26. World Health Organization: Technical Meeting for the Development of
a Framework for Universal Access to HIV/AIDS Prevention, Treatment and
Care in the Health Sector: Background Paper On The Concept Of Universal
Access Geneva; 2005. 
27. Hogarth J: Glossary of Health Care Terminology Copenhagen; 1975. 
28. Lee SS, Pang PTT: Integrated assessment of addiction epidemi-
ology in Hong Kong 1996 – 2005.  In Geography and Drug Addiction
Edited by: Thomas Y, Richardson D, Cheung I. London: Springer  in
press. 
29. Kamel Boulos MN: Towards evidence-based, GIS-driven
national spatial health information infrastructure and sur-
veillance services in the United Kingdom.  Int J Health Geogr
2004, 3:1.
30. Witten K, Exeter D, Field A: The quality of urban environments:
Mapping variation in access to community resources.  Urban
Stud 2003, 40(1):161-177.
31. Haynes R, Jones AP, Sauerzapf V, Zhao H: Validation of travel
times to hospital estimated by GIS.  Int J Health Geogr 2006, 5:40.
32. Sherman JE, Spencer J, Preisser JS, Gesler WM, Arcury TA: A suite
of methods for representing activity space in a healthcare
accessibility study.  Int J Health Geogr 2005, 4:24.